Abstract: Environmental taxation represents a key influence on sustainable development in post-transition countries. Romania has experienced important transformations of environmental policy, including taxation, due to sustained reliance on traditional energy sources to satisfy its energy needs. The aim of this paper is to show a possible causal relationship between the Romanian GDP and several explanatory variables related to taxation of environmental damage and energy generation and consumption in the country. In order to do this, the authors make use of several statistical tests to verify the existence of a meaningful relationship between economic variables expressed in time series. The study has also attempted to identify the influence of environmental taxation on ensuring green economic development, starting from the premise that for emergent economies these taxes provide both a GDP increase and prevent environmental degradation by decreasing the pollution and environmentally harmful supplies and practices.
Introduction
In modern economies, the energy represents a key factor in ensuring of the sustainable development for the whole society. As there has been proven over time, modern economies are largely dependent on energy, which significantly contributes to the development of the current life standard, revolutionizing the transportation, communications, and industry, creating premises for raised productivity levels. For the countries in the European Union, the energy taxation and fiscal policy for energy represent key components in reducing pollution and in applying of the Kyoto Protocol requirements [1] [2] [3] .
On the other hand, the tax burden on energy production and consumption involves additional costs, both for business and households, which are already struggling with high levels of taxation. The competitiveness of the industrial sector and of the entire economy is directly and significantly affected by energy taxation. Taking into account that the energy represents a heterogenous commodity, the associated fiscal policy has to reflect this diversification, both through considered quotas and the specific application forms. Therefore, the European fiscal policy in the field has been designed with the aim of functionality, in order to contribute to the efficient use of available energy resources, helping to settle potential issues in supply, preventing wastage and unsustainable consumption of resources.
Generally, an inadequate tax policy in the field of energy may lead to a distorted or even uncompetitive allocation of resources in the economy, which would result in an unnecessary increase of the production prices, implying decrease in national production, depressing competitiveness and the investments. In the literature, energy tax policies are severely criticized as being strongly distributive [4] [5] [6] . The tax burden on fuels production and consumption affect the consumers' standard of living in different manners; the major drawback of this policy approach is that the most affected are people and households with low levels of income.
On the other hand, in the lliterature [7] [8] [9] [10] [11] [12] , is a widely emphasized that the taxation represents an essential stimulus towards the optimal use of resources (including the energy ones), concomitant with reduction in greenhouse gas emissions. As a result, numerous studies [13] [14] [15] [16] [17] [18] tried to evaluate the link between the energy taxation on the one hand, and economic growth, or occupation, on the other hand.
In this context, some researches revealed that use of some green tax has a direct impact on reduction in emissions and in increasing of the general economic output concomitant with reducing of the income gap between different social categories, and granting social welfare [19] . Further on, researches in the field proved that the relationship between capital investments and energy tax rates is not significant [19] . Other studies tried to develop new methodological approaches in order to evaluate the financial effects of environmental taxation [20, 21] .
The influence of fiscal policy towards the evolution of the national economy, production and consumption structures, investments and the promotion of environmental-friendly and energy-efficient technologies are common topics in current scientific debate. Thus, since 1920, the literature has expressed a wide range of opinions: some authors have argued for taxation of pollution and internalization of the associated costs, resulting of a Pegouvian tax [22] ; in other views, the energy consumption has to be treated as a contributive factor in increasing pollution. Other studies proved that fuel taxation is highly progressive in contemporary economies, as in the cases of the United States or Austria [23] . In this field exists a plethora of approaches: some consider only the gasoline consumption and the associated fees [24] ; other argue that in the US's case the economy faces an opposite phenomenon, at least in households with high incomes [6] ; not least, some researches try to evaluate the variation in taxation across countries and the subsequent consequences, based on data provided by the Statistical Office of the European Union (Eurostat) [24, 25] .
If the altering of industrial competitiveness represents a certain short-run effect of environmental taxation, in the long run, the diversity of the promoted environment policies have proved different but significant effects on the structure of the national economy, helping to reduce carbon emissions, carbon intensity and energy consumption [26] [27] [28] . In the literature [10] , it is also claimed that the taxation of energy consumption and associated fees can be aimed both towards internalizing of the costs associated to the greenhouse emissions, and reducing of these emissions [10] .
In this context, the main objective of this paper is the analysis of the impact and determinants of environmental taxation on economic growth communities in Romania by analyzing the effects of this policy on the national economic paradigms.
Materials and Methods
The main research feature of this article is the use of Granger causality tests [29] , trying to evaluate the causal relationship between environmental taxes and various measures of energy production and consumption in Romania, on the one hand, and economic growth, on the other hand. to the author's best knowledge, this represents the first attempt in using of the Granger causality tests in studying of the causal relationship between environmental taxes and various measures of energy production and consumption in Romania.
In studying the direction of causal relations between a set of variables, Granger causality tests have been extensively employed with positive outcomes. As has been proven in the literature [28] [29] [30] , if there is co-integration in a pair of series that are integrated of order one, I (1), there must be causation in at least one direction. Starting from this assumption, this appears to be a result of the presence of cointegration, implying that an error correction model can be formed, of which the error correction term has a significant effect on the dependent variable. Moreover, in the literature it has been proven that the inter-linkages between the energy sector and the economic performance are dependent to a great extent on the development level and economic structure of the considered countries [30] [31] [32] [33] [34] [35] .
As a reflection of its importance for the European Union objectives, the environmental taxation represents a well-defined and independent policy domain. According to the Maastricht Treaty (1992) the regulations in this field are adopted by the European Commission and not by the member states. To carry out the present research objectives, the environmental taxation approach has been employed consistent with the Eurostat definition, applied at the EU-28 level, including Romania. According to the official statistics definition [36] and to the specific literature approaches [37] [38] [39] an environmental tax is considered to be any type of tax which covers an impaired perception of the environment, whose application is intended to limit or reduce a harmful effect.
Following the Eurostat framework, the considered datasets are represented by environmental tax revenues calculated as a proportion of GDP ( Table 1 ). The environmental tax revenues consist of various taxes, such as taxes on transportation and energy products, vehicle excise duty, the value-added tax applied to petroleum, and the air passenger duty. The taxes refer to both one-off and recurrent taxes, such as sales of equipment and road tax, respectively. In the first stage, the European countries designed the fuel taxes on energy and transportation as energy measurements (to decrease dependence on petroleum imports); at present, they serve environmental purposes [40] . According to the latest available dataset, in Romania, the energy tax accounts for 1.8% of GDP and 5.8% of total taxation [41] . Table 1 presents the descriptions of the variables used for carrying out the research in the current paper.
The results cover Romania, and the data are imported from the Eurostat database, consisting of the environmental taxes as a percentage of total GDP and as total tax revenue. The real GDP is expressed per capita. The explanatory variables of the research include, as in [30] , the primary production of renewable energy (Ppre), domestic material consumption (DMC), final energy consumption of petroleum (Fecp), and total gross electricity generation (Tgeg) (all expressed per capita). Primary production of renewable energy is employed as a proxy for environmental subsidies, in tons of oil equivalent, as there are not sufficient and representative data on environmental subsidies for analysis. Table 1 includes the description of the variables used in the study. The series of data used has a length of 12 years, and it runs from 2000 to 2011, starting in 2000 as these are the earliest data available in the Eurostat database for all the complete variable datasets, and the summary statistics are presented in Table 2 . 
Research Methodology
In this paper, the research methodology is designed based on Granger non-causality, starting from previous research studies [30, [42] [43] [44] [45] . Despite some technical differences, as remarked in some studies, the general approach of the Granger non-causality tests, either using time series or panel data, involves the application of cointegration techniques with the subsequent error correction model used to test short-and long-run causality [16, 29, 30, 38, 44, 45] .
Also, the concept of Granger non-causality usually incorporates a number of related aspects such as cointegration, stability and controllability [2, 10, 11, 14, 20] . In applying the designed methodology, the first step routinely involves testing for a panel unit root using the Im Pesaran and Shin (IPS) test, as has been used in some previous researches [1, 30, 33, 46] . If the variables are found to be I (1), it is then necessary to test for cointegration, in this case the Granger test is employed. Applying the following research model:
where y t is GDP (expressed in logarithms), α 0 , α 1 are parameters to be estimated in the study and x t is the exogenous variable considered (also if the causality testing runs in the opposite direction, x t would be considered the dependent variable). In this case it is required further more to pre-test each variable considered in the model in order to show and determine the order of integration for each variable and highlight the best influence. By definition, any cointegration imposes the mandatory requirement that both variables of the same order be integrated. The common method employed for these cases is done using the Augmented Dickey-Fuller (ADF) unit root test in order to infer the number of unit roots (if any) in each of the variables under investigation [30, 45] . The testing procedure for the ADF unit root test is used and applied to one of the following models [47] :
The two hypotheses of the test are according to literature definitions, as following [14] : H 0 : γ * = 0 ⇔ series is non-stationary and has a unit root; H 1 : γ * < 0 ⇔ series is stationary and has no unit root. α is a constant; β is the coefficient on a time trend series; γ * the coefficient of y t−1 ; p is the lag order of the autoregressive process; ∆y t = y t − y t−1 are first differences of y t ; y t−1 are lagged values of order one of y t ; ∆y t are changes in lagged values; and ε it is the white noise.
For the last specification, the test is done under the joint hypothesis β = γ * = 0.
Once the hypothesis of the unit root test is rejected, the long-run equilibrium relationship is estimated in the form of an Ordinary Least Squares (OLS) regression line. If the variables cointegrate, the OLS regression equation yields a "super-consistent" estimator [47] . This means that there is a strong linear relationship between the variables under study. The strong linear relationship can be tested in either of the following ways [30] :
(a) The coefficient of x t yields a value that falls between 0.5 and 1. (b) The plot of y t against x t shows coordinates appearing in an increasing or decreasing direction.
The next step is to estimate the error correction model (ECM) of the dynamic structure, starting from equation:
taking some algebraic manipulation as [30, 47] results:
and
the equation becomes
which is the ECM with − (1 − α 1 ) as the speed of adjustment, and ε t−1 = y t−1 − β 0 − β 1 x t−1 as the error-correction mechanism which measures the distance of the system from equilibrium. The coefficient of ε t−1 should be negative in sign in order for the system to converge to equilibrium. The size of the coefficient − (1 − α 1 ) is an indication of the speed of adjustment towards equilibrium in that [48] :
• small values of − (1 − α 1 ), tending to −1, indicate that economic agents remove a large percentage of disequilibrium in each period; • larger values, tending toward 0, indicate that adjustment is slow; • extremely small values, less than −2, indicate an overshooting of economic equilibrium; • positive values would imply that the system diverges from the long-run equilibrium path.
Testing for cointegration is achieved using the Kao test [30, 48] based on a version of the ADF test on the residual (ε t ) of Equation (1):
This is further used to develop the following form of the ADF statistic as it is shown by the line described by Equation (3), which is a one tailed test and whereσ 2 v is the estimated variance andσ 2 0v is the estimated long-run variance of the error term and follows the parameters of the standard normal distribution [14, 30] . Also, the τ ADF is the ADF statistic designed in Equation (8) [30] :
The final research is conducted using the OLS method and employing the following empirical model: 
Results and Discussion
In order to evidence the causal relationship between the Romanian GDP and several explanatory variables related to taxation of environmental damage and energy generation and consumption in Romania, some statistical tests were carried out for the data employed in the study. The results for the IPS panel unit root tests are presented in Table 3 and show that, except for environmental taxes on GDP, environmental taxes as % of GDP (energy) and environmental taxes as % of total taxation (energy and pollution resources), the variables contain a unit root, suggesting the need to differentiate these variables before testing for non-causality. The cointegration tests for the considered dataset are contained in Table 4 . It was tested for cointegration in both directions, with both variables acting as the dependent variable.
The Kao test for cointegration results shows evidence of a stable long-run cointegrating relationship when the taxes are the dependent variable and they are considered as a proportion of GDP. However, there is evidence of a stable long-run relationship between GDP, as the dependent variable, and total gross electricity generation, consistent with other researches [30, 38] .
Based on the results obtained during the research, it can be remarked that, despite some evidence of a stable long-run relationship when the taxes are the dependent variable of the model, there is no evidence showing when GDP becomes the dependent variable. So, using the Granger method, where there is evidence of cointegration, the error correction term will be included in the non-causality tests, but excluded where there is no evidence [49] [50] [51] . In the first and second columns, the dependent variable in the cointegrating relation is first followed by the explanatory variable. ** Indicates rejection of the null hypothesis of no cointegration at the 5% level of significance. Table 5 contains the results from the ECM estimation. These results are, in the long-run, despite the significance of estimated coefficients, outstanding and statistically relevant-in fact, overshooting influences tending to equilibrium from economic growth to primary production of renewable energy and final energy consumption of petroleum. Conversely, regarding the long-term causal effect from these variables on economic growth despite significance, the negative values of the coefficients, far less than above [52] [53] [54] [55] [56] , indicate their reduced influence towards the economic growth. In case of the remaining variables, the long-term causal results show their divergence in both directions with economic growth. This is consistent with other previous studies in the field where either little or ambiguous evidence was discovered of the energy taxes' influence on economic growth [10, 11, 33, 34] . Nevertheless, the short-run causality results indicate convergence and significant results from implicit tax rates regarding energy and primary production of renewable energy and effects economic growth, the speed of adjustment being from 88% to 97% of adjustment back to the long-run in a year. Also, the results offer evidence of overshooting short-term equilibrium from economic growth to domestic material consumption.
As in other studies [11, 30] evidence supports Granger causality from renewable energy, proxying environmental subsidies to economic growth, although it is negatively signed, suggesting that expenditure on environmental protection as yet has not produced the technological spillovers and subsequent increase in growth. Finally, taking into account the IPS test results, the results yielded from OLS regression for the considered model are presented in Table 6 . Despite the difficulties induced by the model specification in direct interpretation of the results (Table 6) , they indicate that all the considered variables exert significant influence on economic growth, direct correlated with total environment taxes to GDP, environmental taxes as % of total taxation-energy, primary production of renewable energy, and final energy consumption of petroleum. Nevertheless the results indicate a negative relation between the economic growth and environmental taxes as % of GDP-energy, environmental taxes as % of GDP-pollution resources, domestic material consumption and total gross electricity generation [30] .
Research Limits and Future Directions for Research
From the methodological point of view, the most important limitation is represented by the relative shortness of the time series used, as these data for Romania are collected beginning in 2000. Through this paper, the authors tried to evaluate the evolutions in the field under research in an emergent economy-specific context. On the other hand, we did not take into account the assessment of possible effects of energy tax policy on greenhouse emissions and to what extent these measures can contribute to the internalization of these issues, which will be researched in future studies.
Conclusions
The results obtained during this research provide solid ground for the long-run causal effect on GDP due to the variables considered and used to demonstrate the influence on achieving the sustainable development criteria in an emergent economy, as in the case of Romania. The pertinent design of the environmental taxation system represents one of the determinant objectives for inland policymakers, taking into consideration that during the analyzed period the importance of environmental revenues has increased both as gross values and share of GDP [57] . Also, for an emergent economy, it is important for policy makers to discover the relationship between GDP and environmental taxation's influence in assuring welfare, because these final results in research can certainly help in proper design and imposition of energy policy. This paper has clearly communicated from the very beginning that this objective may represent an important output for policymakers.
The policy implications of this study are transversely connected. Environmental taxation is just a lever for assuring environmental protection and sustainable development. Environmental taxation has a quite decisive influence on the economy by influencing the consumption patterns, despite the fact that there is no direct connection between living standard, environmental protection, and degree of green freedom. For emergent economies, environmental taxation may represent a path to achieving sustainable development and a high degree of green revenues by taxing pollutants and promoting environmental friendly practices and technologies.
In order to ensure the effectiveness of the energy tax policy, a dual application both in the short and long term may represent a suitable solution. As in the short term, a paradigm shift in the use of energy resources is impossible, the classic fiscal measures imposed must envisage the taxation of energy overconsumption and of heavily polluting energy products [58] . This design of energy taxation is aimed specifically at reduction and partial replacement of the latter products with renewable energy products [56, 59] ; in the long-run, the fiscal measures should favor investments in the promotion of new energy efficient technologies.
